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Effect of homogenization treatment on microstructure evolution and the
distributions of RE and Zr elements in various MgeLieREeZr alloys
Lei Bao*, Qichi Le, Zhiqiang Zhang, Jianzhong Cui, Qinxue Li
Key Lab of the Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, People’s Republic of ChinaAbstractMge3Lie0.4Zr alloys containing RE elements (Gd, La, Nd) (Mge3LieREe0.4Zr alloys) are investigated to reveal the influence of ho-
mogenization treatment on microstructures and distributions of RE, Zr elements. It is found that 300 C  24 h homogenization treatment shows
better improvement on the microstructure including the refinement of grain size, the dispersion of cellular dendrite and low melting point
particles. Before treatment, La and Nd segregate effectively at grain boundary and Zr segregates in the form of precipitates. Homogenization
treatment induces the reduction of RE segregation. However, the segregation of Zr in precipitates cannot be abated due to the relatively low
diffusion rate compared with RE elements.
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As the lightest magnesium alloy, MgeLi based alloys are
characterized by excellent ductility and electromagnetic
shielding, good formability, high specific strength and stiffness
[1,2]. Additions of Li to Mg decrease the c/a ratio of a Mg
making none-basal slips easier. Meanwhile, alloying Mg by Li
greater than approximately 5.5 wt.% transforms the crystal
structure of matrix form HCP to BCC, and improves the
ductility effectively [3e7]. However, MgeLi binary alloys
exhibit relatively low strength and work hardening capacity* Corresponding author. 314 Mailbox, Northeastern University, Shenyang
110819, People’s Republic of China. Tel.: þ86 24 83687734; fax: þ86 24
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Open access under CC BY-NC-ND license.[8,9]. In order to improve mechanical properties of MgeLi
binary alloys, some investigations have been carried out since
1969 [5]. Alloying MgeLi binary alloys by RE is a main
approach due to the significantly improvement in mechanical
properties and thermo-stability of magnesium alloys [10]. Dong
et al. [11], Wu et al. [8] and Xu et al. [9] have reported the
effect of Y addition on the precipitate strengthening and grain
refinement by Mg24Y5, Al2Y and Mg3Zn6Y to MgeLieY,
MgeLieAleY and MgeLieZneY alloys, respectively. The
addition of La leads to the formation of rod-shaped interme-
tallic compound Al2Zn2La which reduces the laminar spacing
and causes grain refinement [12]. The strengthening mechanism
of Ce addition has been investigated in Mge5Lie3Ale2Zn
and found that Al2Ce, Al3Ce and AlLi phases have significant
effects on the mechanical properties of alloys [13]. Liu et al.
[14] have suggested that Nd addition causes the formation of
Al11Nd3 and Al2Nd precipitates and improves MgeLieAl al-
loys by grain refinement and matrix strengthening.
Many researchers focus their attentions on the precipitates,
grain refinement or superplasticity of MgeLieRE alloys.
However, few reports are available in the literature with regard
to the homogenization treatment on MgeLieRE alloys.ngqing University. Production and hosting by Elsevier B.V.
Fig. 1. Microstructure of the Mge3Lie1REe0.4Zr alloys as-cast and 300 C hom
treated Mge3Lie1Gde0.4Zr alloy; (e) as-cast, (f)12 h, (g) 24 h and (h) 36 h homo
(l) 36 h homogenization treated Mge3Lie1Nde0.4Zr alloy.
Table 1
Chemical compositions of Mge3LieREe0.4Zr alloys (wt.%).
Nominal composition Chemical analysis composition
Li Gd La Nd Zr
Mge3Lie1Gde0.4Zr 3.03 1.16 0.37
Mge3Lie2Gde0.4Zr 3.29 2.04 0.25
Mge3Lie1Lae0.4Zr 3.33 0.71 0.29
Mge3Lie2Lae0.4Zr 3.05 1.62 0.36
Mge3Lie1Nde0.4Zr 3.05 0.68 0.21
Mge3Lie2Nde0.4Zr 3.32 1.82 0.76
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tion, eliminates non-equilibrium phase and cast stress of in-
gots. Earlier researchers haven’t performed homogenization
treatment to MgeLi alloys because of its excessive sensitivity
to oxidization. For MgeLieRE alloys, homogenization
treatment is important due to the significant composition
segregation caused by the big differences in melting temper-
ature of Li, RE and Zr Leads. Therefore, in this work, various
RE elements (Gd, La and Nd) were added to a based
Mge3Lie0.4Zr alloy to investigate the influence ofogenization treated. (a) as-cast, (b)12 h, (c) 24 h and (d) 36 h homogenization
genization treated Mge3Lie1Lae0.4Zr alloy; (i) as-cast, (j) 12 h, (k) 24 h and
Fig. 1. (continued)
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bution of RE, Zr elements in Mge3LieREe0.4Zr alloys.
2. Experimental
The materials used in this work were commercially pure
Mg (99.95%) and pure Li (99.9%), master alloys of Mge50%
Gd, Mge22.18%La, Mge20.11%Nd and Mge30%Zr (all in
wt.%). Mg, Li and master alloys introduced above were melted
in a resistance furnace with an iron crucible under the pro-
tection of CO2 and SF6 atmosphere in proportion of 20:1, and
then the melt was casted into 200 C pre-heated iron mold of
F 50 mm cylinder. The chemical compositions of ingots are
listed in Table 1.
Mge3Lie1REe0.4Zr ingots were homogenously treated
under protective atmosphere at 300 C for 12 h, 24 h and 36 h;
whereas, Mge3Lie2REe0.4Zr ingots were homogeneously
treated at 400 C for 12 h and 24 h, respectively. Samples for
microstructure observation were prepared by mechanical
polishing and further etched in a solution of 4% nitric acid in
ethanol for 15e20 s. Microstructures and elements distribu-
tions were observed and analyzed by SEM equipped with
EDS.
3. Results and discussion3.1. Microstructure evolution during homogenization
treatment
3.1.1. 300 C homogenization treatment
Fig. 1 shows the microstructures of the as-cast
Mge3Lie1REe0.4Zr alloys homogeneously treated at
300 C for 12 h, 24 h and 36 h respectively. Microstructures ofas-cast Mge3Lie1Gde0.4Zr alloy shown in Fig. 1(a)e(d),
exhibits a-Mg matrix with non-uniform grain size and shape
(Fig. 1(a)). Li and RE elements dissolve totally into the Mg
matrix, which is in excellent accordance to the MgeLi binary
phase diagram. Small dispersed particles precipitate in the
matrix and at grain boundaries. After 12 h homogenization
treatment, more uniform and equiaxed grains are observed, a
tendency of grain growth and dissolution of precipitates are
also observed (Fig. 1(b)). The 24 h homogenization treatment
further induces the dissolution of precipitates, and no notice-
able grain growth is observed (Fig. 1(c)). However, after 36 h
homogenization treatment (Fig. 1(d)), it is found that grains
grow evidently and little or nothing of precipitates can be
observed. In addition, the ingots are severely oxidized on the
surface.
For Mge3Lie1Lae0.4Zr and Mge3Lie1Nde0.4Zr alloys
(Fig. 1(e)e(l)), no evident difference is found between as-cast
and homogenization treated microstructures, except the
dissolution of precipitates. All ingots surface are oxidized after
36 h homogenization treatment.
From the above results, it can be concluded that 300 C
homogenization treatment does not lead to the severe grain
growth, but do affect the dissolution of precipitates. Compared
with 12 h and 36 h, the 24 h homogenization treatment shows
a better improvement on the microstructure including the
refinement of grain size, the dissolution of cellular dendrite
and low melting point particles. The effect of RE on grain size
refinement can be attributed to the constitute undercooling
caused by the enrichment of RE ahead of solideliquid inter-
face [15], and the restricting effect of RE particles at grain
boundaries [16]. Compared with Gd and Nd based alloys,
more smaller dispersed particles are observed in as-cast and
homogenously treated Mge3Lie1Lae0.4Zr alloy, which can
Fig. 2. Microstructure of the Mge3Lie2REe0.4Zr alloys as-cast and 400 C homogenization treated. (a) as-cast, (b) 12 h and (c) 24 h homogenization treated
Mge3Lie2Gde0.4Zr alloy; (d) as-cast, (e) 12 h and (f) 24 h homogenization treated Mge3Lie2Lae0.4Zr alloy; (g) as-cast, (h) 12 h and (i) 24 h homogenization
treated Mge3Lie2Nde0.4Zr alloy.
Table 2
EDS analysis results of the constitution in the interior of grains, the grain
boundary and precipitates (wt.%).
Mg Ga La Nd Zr
Fig. 3(a) Matrix (Point A) 98.943. 0.235 0.82
Grain boundary
(Point B)
96.228 2.846 0.934
Precipitate (Point C) 87.949 0.486 17.565
Fig. 3(b) Matrix (Point A) 98.171 0.859 0.970
Grain boundary
(Point B)
90.509 8.269 1.222
Precipitate (Point C) 71.569 2.759 25.772
Fig. 3(c) Matrix (Point A) 98.540 0.168 1.28
Grain boundary
(Point B)
86.261 11.934 1.805
Precipitate (Point C) 72.249 3.326 24.425
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Mg (0.14 at.%). On the contrary, fewer particles precipitate in
Mge3Lie1Gde0.4Zr alloy due to the relatively high solid
solubility of Gd (4.53 at.%).
3.1.2. 400 C homogenization treatment
400 C homogenization treatment is performed to
Mge3Lie2REe0.4Zr alloys. The microstructures of the as-
cast and homogenously treated alloys for 12 h and 24 h are
shown in Fig. 2. Compared with as-cast microstructure
(Fig. 2(a)), 12 h homogenization treatment induces the for-
mation of lots of precipitates with the shape of fine granular
and acicular (Fig. 2(b)). Nevertheless, most of these precipi-
tate dissolves after 24 h homogenization treatment (Fig. 2(c)).
Fig. 2(d)e(f) and (g)e(i) reveals that, compared with Gd
based alloys, fewer precipitates and evident grain growth are
observed in La and Nd based alloys. In addition, no noticeable
influence of the duration of 400 C homogenization treatment
to La and Nd based alloys is found. In addition, all alloys are
oxidized severely on the surface of ingots.
In summary, in sense of microstructure improvement, ho-
mogenization treatment to Mge3LieREe0.4Zr alloys in-
duces the formation of uniform and equiaxed grains, promotes
grain size growth, actuate the dissolution of cellular dendrite
and low melting point particles. Among all homogenization
treatments introduced above, 300 C  24 h is preferableFig. 3. The EDS analysis areas in (a) Mge3Lie1Gde0.4Zr, (b) Mgbecause the microstructure is improved to a degree and
without noticeable grain size growth promoted.3.2. The distributions of RE and Zr elementsThe distributions of RE and Zr elements in Mge3Lie
1REe0.4Zr as-cast alloys are obtained by EDS analysis and the
results are listed in Table 2, which gives the proportions of Mg,
RE and Zr elements in matrix, grain boundaries and precipitates
in accordance to Fig. 3(a), (b) and (c).
From Fig. 3 and Table 2, it can be deduced that Gd dis-
tributes homogeneously in the alloys with a weak tendency of
segregation in grain boundary and precipitates. The grain
boundary segregations of La and Nd are more significant. On
the contrary, Zr is found to seriously tend to segregate in
precipitates, possibly because the precipitates nucleate as the
core of Zr particles.
After homogenization treatment at 300 C for 24 h, the
proportions of Mg, RE and Zr in matrix, grain boundaries and
precipitates are analyzed and listed in Table 3. From the
comparison of RE and Zr proportions in matrix and grain
boundaries in Tables 2 and 3, the grain boundary segregation
of La and Nd has been abated strongly by 80.23% and 79.52%
respectively; whereas, the proportion of Gd has decreased
merely by 5.06% which is possibly due to the very low
boundary segregation of Gd in the as-cast alloy. However, it
has been found that the situation of Zr is quite different from
RE elements. Zr proportions in matrix and grain boundaries
decrease slightly, however increase in precipitates. This
probably results from the relatively lower diffusion ability
compared with RE elements. For Zr in precipitates, it diffuses
into matrix together with RE elements but at a lower rate, and
the difference in diffusion rate lead to higher proportion
decrease of RE elements in precipitates. On the contrary, the
proportion of Zr increases.
In summary, in respect of the distributions of RE and Zr
elements, 300 C  24 h homogenization treatment effectively
abates the grain boundary segregation of RE, especially La
and Nd. However, the segregation of Zr in precipitates cannot
be abated due to the relatively low diffusion rate compared
with RE elements.e3Lie1Lae0.4Zr and (c) Mge3Lie1Nde0.4Zr as-cast alloys.
Table 3
EDS analysis results of the constitution in the matrix, the grain boundary and
precipitates of homogenization treated alloys (wt.%).
Mg Ga La Nd Zr
Mge3Lie
1Gde0.4Zr
Matrix 98.570 0.780 0.650
Grain boundary 96.716 2.702 0.582
Precipitate 78.28 0.334 21.386
Mge3Lie
1Lae0.4Zr
Matrix 98.613 0.791 0.596
Grain boundary 96.340 1.635 2.025
Precipitate 71.981 1.354 26.665
Mge3Lie
1Nde0.4Zr
Matrix 97.357 1.686 0.957
Grain boundary 97.509 2.444 0.047
Precipitate 69.888 1.658 28.454
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Various RE elements (Gd, La, Nd) based Mge3Lie0.4Zr
alloys are investigated to investigate the influence of homog-
enization treatment on Mge3LieREe0.4Zr alloys in respect
of microstructure evolution and RE, Zr distributions, and the
following conclusions have been drawn.
1. Compared with 12 h and 36 h, 300 C  24 h homogeni-
zation treatment shows a better improvement on the
microstructure including the refinement of grain size, the
dissolution of cellular dendrite and low melting point par-
ticles. Hence, 300 C 24 h is the optimized parameter for
the homogenization treatment to Mge3LieREe0.4Zr
alloys.
2. Gd distributes homogeneously with a weak tendency of
segregation in grain boundaries and precipitates of as-cast
samples. Grain boundary segregations of La and Nd are
more significant. The segregation of RE can be abated by
homogenization treatment at 300 C for 24 h.
3. In as-cast samples, Zr is found to be segregated signifi-
cantly in precipitates, possibly because the precipitates
nucleate as the core of Zr particles. The difference indiffusion rate lead to a proportion increase of Zr in pre-
cipitates after homogenization treatment.Acknowledgments
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